A total of 3,806 samples from suspected cases of extrapulmonary tuberculosis (EPTB) were subjected to GeneXpert Mycobacterium tuberculosis (MTB)/rifampin (RIF) assay. Samples consisted of body fluids, pleural fluids, pus and aspirates, lymph node (LN) tissues, and others. Mycobacterium tuberculosis positivity was detected in 18.10% and RIF positivity in 2.73% samples. The MTB/RIF positivity was found highest in pus and aspirates (40.38%). In this study, assay failure rate for GeneXpert MTB/RIF assay was very low (1.99%). It is concluded from this study that GeneXpert MTB/RIF is an efficient, reliable, simple, and fast technique for rapid diagnosis of EPTB in our country where incidence of tuberculosis remains high.
INTRODUCTION
Tuberculosis (TB) is the world's most common infectious disease. According to the World Health Organization (WHO) report of 2015, there are 9.6 million people infected with TB. India accounted for 27% of global TB notifications in 2014. 1 Despite implementing Directly
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incidence in India continues to remain high, indicating that there could be substantial ongoing transmission. 2 Extrapulmonary tuberculosis (EPTB) infections can affect any organ in the body. Diagnosis of EPTB infection is often difficult to establish because of the paucibacillary nature of Mycobacterium tuberculosis (MTB) bacilli in EPTB sites and the need for invasive procedures to secure appropriate sample. 3 Also, quick and reliable laboratory diagnostic methods for detecting tubercle bacilli in EPTB specimens are not easily available. This adds to the increased rates of morbidity and mortality in EPTB patients. 4 In extrapulmonary samples, the WHO has recommended the use of GeneXpert MTB/RIF assay for rapid detection of MTB. The GeneXpert MTB/rifampicin (RIF) assay detects deoxyribonucleic acid (DNA) sequences specific for MTB and RIF resistance by polymerase chain reaction (PCR). 5 The GeneXpert MTB/RIF assay purifies and concentrates the MTB bacilli from extrapulmonary samples, isolates the genomic material, and amplifies the genomic DNA by PCR. The objective of our retrospective study was to evaluate the utility of GeneXpert MTB/RIF assay in the extrapulmonary TB samples.
MATERIALS AND METHODS
The study was conducted in the Department of Molecular Biology, Metropolis Healthcare, Mumbai, India.
Sample Collection
A total of 3,806 clinically suspected cases of EPTB were received in Global Reference Laboratory, Metropolis Healthcare Ltd, Mumbai, India. Extrapulmonary samples (pus and aspirates, body fluid, pleural fluid, Lymph node [LN] tissue, and others) were collected in plain universal 30 mL clear plastic container with white cap. Body fluids accounted for the largest type of specimen (n = 1,745). It was followed by pleural fluid specimen (n = 871) and pus and aspirate specimen (n = 586). The LN tissue formed least number (n = 195) of specimen type. Other specimens included biopsy specimens, brain tissue, computed tomography-guided fine-needle aspiration collection (FNAC), colon biopsy, fallopian tube, synovial tissue, and ultrasonography-guided FNAC. In total, other specimens accounted for 409 specimens (Table 1 and Graph 1).
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Procedure for GeneXpert MTB/RIF Assay
The Xpert assay was performed as per the method described by Helb et al. 6 Sample reagent was added in a 3:1 ratio to 0.5 mL of decontaminated specimen. The closed tube was manually agitated twice during a 15-minute incubation period at room temperature before 2 mL of the inactivated sample reagent/sample mixture was transferred to the Xpert test cartridge. Cartridges were inserted into the GeneXpert device, and the automatically generated results were read after 90 minutes.
Feasibility Evaluation
The feasibility of GeneXpert MTB/RIF assay was evaluated in terms of proficiency of the assay to report a valid patient result. The absence of a valid test result for any given assay commenced was considered as a "test failure" irrespective of the underlying reason. The frequency of various reasons for the incidence of test failure was examined. The manufacturer has classified possible test failure causes as "error," "invalid," or "no result." An "error" result indicates that the GeneXpert MTB/RIF assay in a given test was aborted by internal quality control mechanisms including improper filling of the cartridge reaction tube, cartridge reagent probe integrity failure, cartridge internal pressure excess, or equipment malfunction. All "error" results are accompanied by specific error codes that provide additional information as to the underlying cause of failure (Table 2 ). An "invalid" result indicates that PCR has failed, usually due to the presence of PCR inhibitors. A "no result" outcome indicates that the test underway was prematurely terminated either by external or internal factors during cartridge loading process, such as power failure, manual termination of the test by the operator, or one of the equipment or cartridge component failures. 7 Under the study, for a patient, in case of "error"
or "no result" outcome, repeat testing was performed on the same sample; for an "invalid" result, repeat testing was performed on a second fresh sputum sample due to concern over PCR inhibitors in the original specimen. The data from every test run were recorded by the GeneXpert software (GxAlert).
RESULTS
Out of the total number of extrapulmonary samples (n = 3,806) taken up for analysis, 81.89% (n = 3,117/3,806) cases were detected as MTB negative and RIF negative. Of these, body fluids (n = 1,620, 42.56%) accounted for the most of the MTB − /RIF − cases. This was followed by pleural fluids (n = 802, 21.07%), others (n = 323, 8.48%), pus and aspirates (n = 253, 6.64%), and LN tissue (n = 119, 3.12%) ( Tables 3 and 4) . For the cases detected as MTB positive and RIF positive, the positivity rate of GeneXpert MTB/RIF assay was (Tables 2 and 3 ). In the cases detected as MTB positive and RIF negative, the positivity rate of GeneXpert MTB/RIF assay was measured at around 15.37% (n = 585/3,806). Similar to the cases of MTB + /RIF + , the maximum cases of MTB + /RIF − were observed in pus and aspirates with 49.74% (n = 291/585), followed by body fluids 17.09% (n = 100/585), others 12.47% (n = 73/585), LN tissue 11.11% (n = 65/585), and pleural fluids 9.57% (n = 56/585) ( Tables 2 and 3) .
DISCUSSION
The study revealed that the GeneXpert MTB/RIF assay had a good diagnostic potential for specimens, such as pus and aspirates, which is difficult to diagnose by other laboratory techniques. Findings of the study supported the use of GeneXpert MTB/RIF assay in routine diagnosis for EPTB investigation, especially for pus samples. 8, 9 Similar studies were carried out by Lawn and Zumla 10 who employed the GeneXpert MTB/RIF assay for diagnosis of EPTB. Out of the total of 268 samples, the positivity rate was observed for tissue biopsies or fine-needle aspirates (35%), gastric aspirates (23%), pus (21%), urine (6%), cerebrospinal fluid (5%), and other body fluids, i.e., peritoneal, synovial, and pericardial (4%).
Test failure cause analysis: Failed tests for GeneXpert MTB/RIF assay accounted only 76/3,806 (1.99%) in our study. As per the test failure codes generated by the GeneXpert MTB/RIF assay, the leading cause of test failure was postrun analysis error, contributing to a total of 51 out of 76 test failures. The frequency of various factors contributing to test failures is described in Table 2 . Literature studies 7, 11 suggest that the leading cause of GeneXpert MTB/RIF assay failure results observed in the present study was due to inadequate sample processing and equipment malfunction. Like any other automated laboratory technology, GeneXpert MTB/RIF assay also require a stable electric power supply, and even a short-term interruption of power would result in test failures. The manufacturer recommends a maximum of 30°C ambient operating temperature for the operation of GeneXpert instrument. Data on the robustness of the device under prolonged periods of temperature exceeding 30°C are not available. 7 In our study, the GeneXpert MTB/RIF assay was error-free for Type error 1001, 1002, 1004, 2022, 2025, and 2037.
CONCLUSION
GeneXpert MTB/RIF assay is an efficient and reliable technique for the rapid diagnosis of EPTB. Its simplicity, sensitivity, and speed make this technique a good tool for diagnosis of MTB from extrapulmonary samples. The failure rate for GeneXpert MTB/RIF assay was acceptably low in our study. It is particularly useful for our country where the incidence of tuberculosis is high, as it provides a simple, reliable, and cost-effective diagnostic modality.
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